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UNITED STATES PATENT OFFICE 
2,285,204 

CONDITION CONTROL, SYSTEM 
Chester . Hall, Schersectady, and Fredrick S. 

Marcelius, Scotia, N. Y., assignors to General 
Electric Company, a corporation of New gris 
Application Apri: , S47, Seria, fo. 386,334 

& 23 Caixas, 

Clir inventios. relates generally to condition. 

o the control of 8:12:22, age of 9 cics: 
23 guidings, i.i.disk: iai heatisag furnaces, 3.2 

AS viii ke riderstood from the following 
Sgecification and caims, however, QZY rive io: 
is not necessarily imited in its broadier aspecis 
&O the control of temperature, but is adapted to 
the control of other conditions of media. 

An automatic 
th:'ee fundariental types of control are it con 
Inon use. The first and simplest of these is the 
'on-off' coatrol in which the output of the coa 
dition changing means or the input to the con 
ditioned Space is changed substantially instan 
taneously between any two predetermined limi 
ing values in response to whether the tempera 
ture of the space is above or below the desired 
72iue. For example, in an oil burning steam 
heating system the output of the heater is varied 
airlost instantaneously from zero to substan 
tially its maximum value, the 'time off' and the 
"time on' being directly - dependent upon the 
position of a rooin thernostat. In the “on-off'. 
iype of control it is not necessary that the out 
put be varied from zero to one hundred percent, 
itat it may be varied between any two desired 
"Values. 
The Second fundamental type of control is 

known as "floating' control in which the output 
Sf the heater or other condition changing means 
of the input to the conditioned space is varied 
relatively slowly between predetermined limits as 
distinguished from substantially instantaneously 
in the "on-off” control. For example, a valve 
gontrolling the flow of steam through a conduit 
Yana 3 be moved slowly from full open to ful closed 
{37 a reversible motor responsive directly to the 
position of a room thermostat. 
The third fundamental type of control is 
Yaown as "proportional' control, and is that 

type in which the output of a heater or other 

ontrol Systems, and has particular applicstics. . 

temperature control systems 
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286-5) 
perature of 3, Ziagnitude greate: Si:32, that per 
missible ig. closely regulated processes. Our in 
yentiox's gravities reas which Ray 2, 35.3kies to 
the control o an “on-off' Sgstern wine'sby the 
temperature fluctuations calised by oversicotiag 
of the control point, are reduced to an aim St 
imperceptible value and whereby the System is 
endowed with a proportional characteristic. 
The simple floating control mentioned above 

inherently produces less violent fluctuation in the 
temperature than “on-off', control because of the 
slow movement of the condition controlling ele 
ment. This type of control however is open to the 
objection that it is very slow to respond to 
changes in the condition. Because of the fact 
that in a floating control the condition control 
ling element is moved at a constant Fate, the 
slow response of a floating control is particularly 
objectionable where relatively large deviations of 
a condition froii normal are to be compensated. 
Accordingly, Cui' invention, when applied to a 
floating type of control, provides an improved 
system in which the rate of movement of the 
condition controlling nember is made propor 
tional to the Amagnitude of the deviation of the 
condition being controlled from the desired value. 
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condition changing means or the input to the 
conditioned space is varied in direct proportion 
to the position of a condition responsive mem 
her. For example, a valve controlling the flow 
of Steam through a conduit may be directly con 
nected to a thermostat, whereby the valve takes 
up a definite position for each position of the 
thermostat. 
While the "on-off' type of control is charac 

terized by relatively quick response, it is often 
found objectionable in heating systems using a 
large input of energy, such as industrial electric 
heating furnaces, because of the tendency of the 
relatively high rate of heat input to cause over 
temperature during the "on' period and con 
versely to cause under-temperature during the 
'off' period. Such overshooting of the control 

With such an arrangement our control System no 
ionger possesses the well understood drooping or 
proportional characteristic of the usual propor 
tional control System. 

Accordingly, it is an object of our invention to 
provide means for maintaining the condition of 
a medium substantially constant at any selected 
value. 

It is a further object of our invention to pro 
vide means for controlling the temperature of an 
enclosure within very close limits. 

It is a still further object of our invention to 
provide a control system for an industrial heat 
ing furnace which is capable of maintaining a 
selected temperature with only very slight and 
substantially imperceptible fluctuations. 

it is a still further object of our invention to 
provide means for modifying an "on-off' type of 
control system whereby the system possesses a 
proportional characteristic. 
Another object of our invention is to provide . 

improved means for modifying a "floating' con 
trol system, whereby the rate of corrective move 
ment of the floating operator is made propor 
tional to the deviation of the controlled condi 
tion from its normal value. 

Still another object of our invention is to pro 
vide a new and improved type of continuously 
oscillating operator for cyclicly varying the out 
put of a heater or other condition changing 
means or the input to a conditioned space. 

It is a still further object of our invention to 
provide a continuously oscillating rotatable oper 

point frequently causes a cyclic variation of tem- 60 ator having condition increasing and condition 
  



2 
decreasing positions with means for varying the 
speed of the operator in accordance with the ex 
tent of deviation of the condition from its normal 
Value. 

It is a specific object of our invention to pro 
vide a variable speed oscillating operator for reg 
ulating an “on-off' control system adapted to 
maintain nearly constant the temperature of an 
electric furnace. - 
In accordance with our invention we utilize an 

induction disk relay provided with a contact 
mechanism which has spaced "on' and 'off' 
positions and with windings specially arranged to 
produce automatic reversal of the direction of 
rotation of the relay between its positions, the 
rotations in opposite directions taking place at 
speeds determined by the extent of deviation of 
the condition from its normal value. Specifically, 

2,285,204 
with coil connections 3 and terminal connec 
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the windings are arranged to produce upon the 
disk opposing torques of unequal magnitude, and 
include a small reversing coil arranged to be en 
ergized or deenergized in accordance with the 
position of the contact mechanism cyclicly to in 
sure alternate predominance of the opposing 
torques. In order to produce the desired tem 
perature response, the value of the torque un 
affected by the reversing coil is controlled in ac 
cordance with the temperature or other condi 
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tion being regulated. Since the difference be 
tween the torques determines the speed of rota 
tion of the induction disk in each direction, the 
speeds of rotation in opposite directions are 
varied inversely in accordance with the magni 
tude of the deviation of the condition from its 
normal value, whereby the ratio of time off to 
time on per cycle is varied to correspondingly 
vary the average output per cycle of the heating 

e8.S. 
For a more complete understanding of our in 

vention, and for a further appreciation of its 
many objects and advantages, reference should 
now be had to the following detailed specifica 
tion taken in connection with the accompanying 
drawings in which Fig. 1 is an exploded perspec 
tive view of our induction relay; Fig. 2 is a de 
tailed view partly in section showing the driving 
connection between the induction disk and the 
contact mechanism of our induction relay; Fig. 
3 is a detailed view partly in section of one suit 
able type of contact mechanism; Fig. 4 is a vec 
tor diagram showing the relation of the various 
torque-producing fluxes in our relay; Fig. 5 is a 
schematic diagram of circuit connections show 
ing our induction relay applied to the control of 
an "on-off’ reactor system of electric furnace 
control; Fig. 6 is a time chart showing various 
conditions of operation of the system with a con 
stant temperature setting; Fig. 7 is a time chart 
showing various conditions of operation of the 
System when the temperature setting is changed; 
Fig. 8 is a Schematic diagram of circuit connec 
tions showing our invention applied to the "on 
off' control of an oil burner motor for a domestic 
heating system; Fig. 9 is a perspective view of a 
control panel fitted with apparatus embodying 
our invention; and Fig. 10 is a fragmentary cir 
cuit diagram illustrating the application of our 
invention to a control system of the floating type. 

Referring now to the drawings, and particu 
larly to Figs. 1, 2 and 3, we have shown in detail 
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tions f4. The relay core structure 2 is multi 
polar and comprises a central pole 5 carrying 
an exciting coil f6 and two radially displaced 
poles 7 and 8 carrying energizing coils 9 and 
20 respectively. . The energizing coil 9 com 
prises two windings connected in opposing rela 
tionship, one winding being arranged to set up 
a flux of the order of two per cent of the flux of 
the other winding, as will be more fully de 
scribed hereinafter. As will also be further de 
scribed in connection with Figs. 5 and 8, the 
energizing coil 20 may be wound in the same 
sense as the main winding of the coil 9, or Op 
positely, depending upon whether or not certain 
auxiliary apparatus is used. 
To complete the relay structure a rotatable 

induction disk 25, mounted upon a shaft 26 car 
ried in bearings 27 and 28, is positioned for co 
operation with the opposing poles 5, 7 and 8. 
of the core structure 2. The bearings 27 and 28 
are mounted upon a face plate 29 which is adapt 
ed to be attached to the relay casing fo by bolts 
30 at opposite sides of the plate. The face plate 
29 has formed on the front surface thereof two 
bosses 3 adapted to support a mounting plate 
32. Rotatably mounted upon the plate 32 is a 
mercury button contact mechanism 33 having 
its terminals connected to terminal blocks 34 
and 35 by flexible electric conductors 36. The 
relay shaft 26 is connected to rotate the mercury 
button through a gear reduction shown in detail 
in Fig. 2. Referring to Fig. 2, a bearing plate 40 
is mounted in spaced relation to the rear face 
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the structure of an induction relay forming part 
of our invention. The relay casing, indicated 
generally at 0, is recessed at f for the recep 
tion of a core and coil structure indicated gener 
ally by the reference numeral 2, and is provided 75 

of the mounting plate 82. Between the plates 
32 and 40 is mounted a shaft 4f carrying at One 
end a beveled gear 42 for cooperation with a 
beveled gear 43 on the shaft 26. Near the other 
end of the shaft 4 is mounted a spur gear 44 
which meshes with a spur gear 45 on a shaft 46. 
The mercury button 33 is mounted in a hub 47 
attached to the shaft 46 and carrying a radially 
projecting arm 48. Preferably the hub 47 is 
formed of insulating material. The radially 
projecting arm 48 is adapted to engage. a pair of 
stops 49 and 50 set in the mounting plate 32 for 
the purpose of limiting rotation of the mercury 
button 33. 

Referring now to Fig. 3, the mercury button 
contact mechanism which we prefer to use as 
a contact mechanism is shown in detail. Such 
a rotatable mercury button is described and 
claimed in Patents 2,101,092 and 2,101,093 to J. 
H. Payne, issued December 7, 1937, and assigned 
to the same assignee as the present application. 
The mercury button has been shown partly in 
section in order to illustrate the spaced relation 
of the “on' and 'off' positions of the button. 
In Fig. 3, the reference numeral 55 indicates a 
pool of mercury and 56 represents an insulating 
baffle apertured at 57. As is fully explained in 
the above mentioned patents to Payne, the cir 
cuit through the mercury button is completed 
when the mercury passes through the aperture 
57 in the baffle 56. Because of the relatively 
great surface tension of mercury it is found that 
the aperture 57 must be almost completely sub 
merged below the surface of the mercury before 
the mercury will flow through the aperture. This 
position of the mercury button is shown in full 
lines in Fig. 3. Also, because of the high surface 
tension of mercury, it is necessary almost con 
pletely to withdraw the aperture from the pool 
of mercury before the conducting connection 
through the aperture 5 is broken. This position 
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of the mercury button is indicated by the dotted 
aperture 57 of Fig. 3. Of course, the angular 
distance between the ful and dotted line posi 
tions shown in Fig. 3 will depend largely upon 
the diameter of the aperture 5. With the size 
aperture which we prefer to use, it has been found 
that the “on” and "off" positions of the mer 
cury button 33 are angularly spaced apart by ap 
proximately eighteen degrees. We wish to have 
it usaderstood, of course, that, if desired, other 
contact mechanisins having spaced 'or' and 
“off’ positions may be used. For exairpe, E, cana 
operated switch of a spring biased toggle switch 
may be suitably arranged for cineratio, in co 
necio, with Gur inferios. 

Referring ovy to figs. 
in Fig. 5 inevit our 3.C. 
Rected to regulate as tier a reactor 
cCatrollied electric heating e - 

. Clace contais a resistance heating element a 
which is connected for 'on-off' controi inrough 
a Satirable core seactor G2. When the 'assistance 
heater 6 is controlled through a reactor such as 
62, the 'or' and 'off' limiting values of the 
output of the resistor if preferably lie inter 
mediate zero and one hundred per cent. As is 
Well unfierstood by those skilled in the art, this 
arrangement of itself tends to prevent tempera 
ture fluctuations due to overshooting of the con 
troi point. The heating resistance 6 is con 
lected for energization frch a pair Ci ine a 
terrating current conductors S3 and 6. A direct, 
current, wiriding S5 of the saturable core re 
actor S2 is energized through a rectifier bridge 
65 which is connected to ae controiled py the 
nercury out of 33 of an induction relay accord 
ing to our invention. In Fig. 5 the induction re 
lay is represented generaisy 37 the 'eference 
numei'a S. Preferably he reactor 3 is con 
structed to have an impedance such that wher. 
ii, is unsaturated a current of substantial heat 
ing value is suppied to the resistance heater SS, 
Such as approximately 65% of the maxiinii, 
heating current, when the reactor is fully 
Saturated, as isdicated in FigS. 6 and 7. 
The exciting winding 6 of the relay 6 is con 

nected for energization directly from the sec 
ondary terminals of a control transformer 68, 
the primary terminals of which are connected 
between the line conductors 63 and 5. The 
potential exciting coil 6 is preferably highly in 
ductive and therefore sets up a flux in the relay 
core structure which is ninety electrical degrees 
out of phase with the Serondary voltage of the 
control transformer 68. This fux lags behind 

I kay Show 
* Siaye core 
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s: 
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the transformer secondary voltage, and may he 
represented by the vector d.16 of Fig. 4. For co. 
operation with the fiux of the coil 6 to produce 
a torque in one direction upon the disk 25, an 
energizing winding 69 is arranged upon the leg 
f' of the relay. The winding 69 is the main wind 
ing of the coil 9 of Fig. and is substantially, 
non-inductive relative to the coil 6. For ener 
gization the Windi:g S is connected to the sec 
inidaisy wisiiig of the control transformer Se 
throtigii a Sust2tially Gi-inductive circuit in-. 
cluding a resistor it. Because of the non-induc 
tive nature of the circuit of the winding 69, the 
magnetic flux set up by this winding is sub 
stantially in phase with the voltage of the sec 
Ondiary winding of the control transformer 68. 
This flux therefore leads the flux of the coil 
6 by substantially ninety electrical degrees and 
may be represented by the vector b69 of Fig. 4. It 
may be assumed for purposes of illustration that 

O 
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3. 
the combined effect of the windings is and 69 
tends to produce rotation of the disk 25 in a 
direction to rotate the mercury button 33 
counter-clockwise toward its "on' position. 

For producing a torque in the opposite direc 
tion upon the disk 25 the coil 20, similar to the 
winding $9 but reversely wound, is positioned 
upon the leg f 8 of the relay. The coii. 2 is 
connected for energization fron a voltage di. 
vide or other suitable voltage varying de 
vice. The voltage divider is is connected for 
&Shergization across the secondairy terrinsis of 
the corate transferrine S3. The circuit, of the 
Coii. 2 is primarily resistive arc, incides a tea. 
ge;ature sensitive Resistance "fa S eeriei, S. 
She 3:gerature seisitive eigine; i, 3 cigrises 
resistoi having 8::ed Regative eng?'aiga's 

28, Of resisigace, 3.5 di fe323; c. 
t’s ties Cried ind i8,iiied 3 
licatika o Creste: . Esi, c. 37,90, 

fied April 3, iS4C, and assiged to the same as 
signee as the present, applicatiosa. As described 
in the coanting application the element 55 com 
prises a... outer eiectrode in the form of a tube, 
an inner eiectrode centrally located in tie tube, 
and a sintered mass of granular resistairca mate 
sial within the tuguiar electrode embedding the 
iOWer end of the inner electrode. One such 
sintered granuliar 'esistance inaterial Enay com 
prise Inagnesium. Xide, sodium silicate and cop. 
per oxide. The is set up by the coil 20 is Sub. 
stantially one in Indred and eighty electrical de 
grees out of phase with the voltage of the Sec 
Ondary windirig i he control assformer $8 
dite to e reverses: vinding of the to 3. This 
it, Will be gevident, that the tine pase of the 
fux Set Ig by the coi: 2 viii. i.e. from that, 
of the iux set in oy the Yinding 9 by approxi 
22 tely one iusi disc aird eighty eiectrical de 
grees and will differ from tha; of the coil 3 by 
approximately ninety electiical degrees in a lag 
ging sense. The iux of the coil 20 may be repre. 
sented by the vector $20 of Fig. 4. 

If desired the one hundred and eighty degree 
phase Shiit between the iuxes peg and 520 may 
be produced by winding the coil 20 in the same di 
section as the Winding S9 and energizing the 
voltage divider from the secondary windings 
of the controi transformer 68 through an insulat 
ing transformer which may have a to 1 ratio 
and Will be more fully described with reference 
to Fig. 3. 

Each of the iuXes d569 and bag interacts with 
the constant exciting flux (b18 to produce a torque 
upon the conducting disk 25. Each torque de 
pends for its direction upon the direction of phase 
angular silift between the two fluxes producing it, 
and for its magnitude upon the magnitudes of 
the fluxes and the magnitude of the phase angle 
betweei ties. For example, consider the various 
torques established. Most of the flux set up in 
the Central pole 85 by the coil 6 passes across 
the narrow air gaps above the disk 25 and re 
turns without cutting the disk. Some of the ex 
citing flux, however, cuts the disk 25 and returns 
through the radially displaced poles T and 8. 
This portion of the exciting fux sets up circulat 
ing currents in the conducting disk which lag be 
hind the flux (p16 by substantially ninety elec 
trical degrees. Since these circulating currents 
are in phase with the flux b20 and one hundred 
and eighty degrees out of phase with the pse, their 
magnetic fields are acted upon by the fluxes so 
and b20 to produce oppositely directed torques. 
Similarly, the fluxes in the radially displaced 

  



4. 
poles set up by the windings 69 and 20 pass 
through the disk 25 and return through the 
radial core portion above the disk. These fluxes 
b69 and b20 establish circulating currents in the 
disk which are respectively in phase and one hun 
dred and eighty degrees out of phase with the 
flux (b16. Therefore the flux (p16 acts upon the 
magnetic fields of the circulating currents set up 
by the fluxes d69 and gb20 to produce oppositely 
directed torques. Inspection will show that the 
torque produced by the flux beg acting upon the 
currents set up by the flux p16 is in the same 
direction as the torque produced by the flux p16 
acting upon the currents set up by the flux bis9. 
The same is true of the fluxes p16 and p20. 

In order to cause cyclic automatic reversal in 
the direction of rotation of the induction disk 25, 
We provide a small reversing winding 6 which 
may be wound upon the same spool with the 
winding 69 and is connected to set up a flux op 
posing the flux set up by the winding 69. The 
winding 76 is primarily resistive and is connected 
for energization directly from the secondary 
winding of the control transformer 68 in series 
with the contact mechanism 33. It will there 
fore be seen that the winding 76 will be ener 

2,285,204 
"on" position the reversing winding 76 is ener 

10 
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gized during the "on' periods of the furnace and 
will be deenergized during the 'off' period of 
furnace operation. The reversing winding 76 is 
designed to set up a flux having a magnitude of 
the order of two per cent of the magnitude of the 
flux set up by the winding 69, and the energiza 
tion of the winding 76 may be varied by changing 
the Setting of a variable resistor 77 connected in 
shunt with the winding 76. 

Referring now to Fig. 4, the flux of the wind 
ing 76 may be represented to an enlarged scale 
by a flux pits directly opposing the flux ps9. It 
will be recalled that, due to the inclusion of the 
temperature sensitive resistor 75 in circuit with 
the coil 20, the magnitude of the flux b2O is de 
pendent upon the temperature within the furnace 
60. The normal value of the flux p20, that is the 
value of the flux b20 when the furnace is at the 
desired temperature, is intermediate the value 
of the flux (b69 and the resultant flux pse-bis. 
For purposes of illustration it may be assumed 
that the normal value of the variable flux bao is 
less than the value of the fixed flux pse by one 
half the value of the fixed flux bis. As will be 
apparent from the following description, this 
means that as the electric furnace 60 is cyclicly 
turned on and off by our induction relay an 
average furnace output midway between the 
limiting points of furnace output will be just suf 
ficient to balance the heat losses. 

Referring once more to Fig. 5, it will be seen 
that the direct current winding 65 of the sat 
urable core reactor 62 and the reversing winding 
T6 of the relay 67 will be energized when the 
mercury button 33 is in its "on' position and 
will remain energized until the mercury button 
arrives at its “off” position. Likewise the direct 
current winding of the reactor and the reversing 
winding of the relay will be deemergized at the 
time the mercury button arrives at its 'off' po 
sition and will remain deemergized until the mer 
cury button reaches its "on" position. 
From Fig. 4, it will now be apparent that the 

three magnetic fluxes p16, gp69 and gb20 produces 
upon the rotatable disk 25 two oppositely direct 
ed torques. Normally, the torque set up by the . 
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gized to buck down the flux ps9 sufficiently far to 
permit the fluxes (p16 and b20 to produce a result 
ant torque in the opposite direction to rotate the 
mercury button 33 to its 'off' position. Upon 
arrival of the mercury button at its 'off' posi 
tion the reversing winding 76 is again deener 
gized and the flux iss9 again becomes predom 
inant. Therefore without any change in the 
magnitude of the flux p20, that is without change 
in the temperature of the furnace 60, the relay 
67 will oscillate back and forth cyclicly to turn 
the furnace 60 on and off. For purposes of illus 
tration, it may be assumed that with a cycle time 
of fifty per cent “on' and fifty per cent "off' the 
average furnace output will just balance the heat 
losses. 

Referring now to Figs. 6 and 7, we have shown 
a number of time charts by which the operation 
of our furnace control system may be illustrated. 
We wish to have it understood, of course, that 
these charts have been drawn to a dispropor 
tionate scale in order more clearly to illustrate 
our invention, and that therefore the magnitude 
of the temperature fluctuations shown thereon is 
not to be considered proportionate to that actu 
ally obtained in practice. Fig. 6 illustrates the 
operation of our system when the desired tem 
perature setting is allowed to remain fixed at one 
selected value and under conditions of tempo 
rary load change on the furnace. Fig. 7 illus 
trates the operation of our invention when the 
temperature setting of the system is changed. 

Referring first to Fig. 6, the curve A repre 
sents the temperature of the furnace 60, the 
curve B represents the percentage output of the 
heating resistor 6, and the curve C represents 
the langular travel of mercury button 33 in de 
grees, all of the curves being drawn with time as 
the abscissa. The curves D and E are heating 
and cooling curves respectively of the furnace 60. 
Beginning with a time To when the temperature 
of the furnace is at its desired value, it will be 
observed that the mercury switch cycles from 
“on' to 'off' continuously, completing a com 
plete cycle in a time. To to T1. As indicated by 
the output curve, the furnace is on for fifty per 
cent of this cycle and off for fifty per cent. As 
previously stated this condition is merely as 
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70 

fluxes p16 and b89, tending to rotate the mercury 
button 33 to its "on' position, is predominant. 
However, when the mercury button arrives at its 75 

sumed for the purpose of illustration, but it will 
be understood, of course, that any other condi 
tion of balance may exist in practice. As the 
system cycles from "off' to "on' with the tem 
perature remaining at the desired value, small 
fluctuations in temperature such as that indi 
cated at 80 upon the curve A, will of course occur 
due to the continual turning off and on of the 
furnace. It has been found however that these 
normal fluctuations are imperceptibly small. By 
way of example, in one sample installation upon 
which we have run tests over a considerable 
period of time, it has been found that a tem 
perature of 700 degrees F. in an electric furnace 
may be maintained with a maximum deviation 
of less than one degree Fahrenheit. 
As a further illustration, however, let it be as 

Sumed that at a time T, the temperature of the 
furnace is suddenly reduced by some external 
Cause, such as the opening of a furnace door. . 
Let it be further assumed that the decrease in 
temperature of the furnace at the time Ta, while 
it reduces the flux p20 to some extent, is not suf 
ficient to reduce the flux (bao to a value less than 
that of p89-976. The reduction of the flux po 
results from the increased resistance of the re 
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sistor 75 at lower temperature. Referring now 
to the curve C in Fig. 6, it will be observed that 
the time Ta the furnace had just been turned off 
and therefore the reversing coil 76 of the relay 
was deemergized. At this time, therefore, the 
relay was rotating the mercury switch in a coun 
ter-clockwise direction under the influence of 
the resultant flux peo-pao. With the decrease 
in furnace temperature the flux p20 was reduced 
so that the opposing torque exerted upon the 10 
disk 25 by the flux.p20 was reduced. Because of 
the reduced opposing torque the resultant torque 
due to the flux psp-p20 is increased and the disk 
moves toward the “on” position at a more rapid 
rate of speed, as is shown by the increased slope 
of the curve C of Fig. 6 at the time T2. When 
the mercury, switch arrives at its "on' position 
the furnace is turned on and the reversing wind 
ing 76 is energized. With the flux of the wind 
ing 76 opposing the flux of the winding 69 the 
resulting flux geo-ps is reduced to a value less 
than the diminished value of p20. However, the 
resultant flux (b20-b69-qsis is small compared to 
the resultant flux psp-p20. In other words, for 
operation of the mercury switch in the clockwise 
direction to turn the furnace of the operating 
flux bao is only slightly larger than the restrain 
ing flux pso-f76, while for operation of the switch 
in the counter-clockwise direction to turn the 
furnace on the operating flux p69 is considerably 
larger than the restraining flux p20. For this 
reason the relay rotates toward the "on' position 
at a much higher rate of Speed than normal, aS 
shown by the portion 8 of the curve C in Fig. 6, 
and rotates toward the “off” position at a much 
ower rate of speed than normal, as indicated by 
the slope of the portion 82 of the curve C. New 
iength of the cycie, however, remains Substan 
tially unchanged as indicated in the diaWings. 
Ehus it, Will be see that, during the cycle be 
ween he ties 2 and 3 time ratio of time on 

{C time off and thus the average Output, per cycie 
of the furnace inas been increased oy inversely 
Varying the Speeds of rotatis). Of the iricio 
relay in opposite directions of travel, wilyeit the 
average oatput per Cycle of the furnace has beer. 
increased in proportion to the deviation of the 
frnace temperattire from a ?rmal. The effect, 
of the relatively long “on' period of the furnace 
diring the Cygie 2 to a may be seein, from the 
portio: 83 of ice curve A of Fig. 6. The portion 
33 of line curve is. follows the feating curve of 
the furiace. At the time Ts as deviation of the 
temperature frong its orana faiue is less tihar. 
ii, was shortly 3 fee the time it. Elere: the 
waite of the fit: 320, though somewhai, reduced 
oeiotif its noin 3itze, is gi'eeitei' hai. i., was a: 
tie beginaig O tie previous cycle. , 'vil: now 
be apparent that the Speed of rotatios. o the in 
ciuction disk toward the 'o' positioia, as shown 
Ey tinge Sops of the portion 4 of tie curve C of 
Fig. 6. viiii ce somewhat greater than normal 
thougi. Somewhat less that its Speed of rotation. 
in this directio during the previous cycie. Like 
Wise e Speed of rotatio of the induction disk 
toward its “off’ position as sic/ra oy the slope 
of the portion, 3 of the curve 6 of Fig. 6 tribe 
sightly greater tier, the speed of rotation indi 
eated by the slope of the portiCE 83 of the curve 
it will still be slightly less than inciana. There 
fore during the cycle indicated betwee: the times 

3 and is the raše of tire gia to time off and 
the average outgat 28 cycle of the fugaacs will 
still be above normal, but will be somewhat re 
6,238. With "eS3c, C he ratio of tie on to ine 
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off during the cycle Ta to T3. As indicated upon 
Fig. 6, it is assumed that at the time T4 the fur 
nace has again reached its normal temperature 
and that the cycling continues in a nOrnal man 
ner until a time Ts. 
At the time Ts it may be assumed that some 

external cause results in a sudden increase in 
furnace temperature. The sudden increase in 
furnace temperature at the time:Ts has been as 
sumed to be such that the resulting increase in 
the magnitude of the flux p20 is not sufficient to 
make p20 larger than peg. Now by Comparison 
with the operation of our system previously ex 
plained in detail it will be apparent that, since 
the furnace was off at the time Ts, the increase 
in the value b20 will so restrain the disk 25 that 
its rotation to the “on” position under the in 
fluence of p89-p20 will proceed at a speed lower 
than normal as indicated by the portion 8 of 
the curve C. Similarly, rotation of the disk 
toward the "off’ position under the influence of 
the increased resultant flux p20-pag-qb76 Will pro 
ceed at a rate of speed greater than normal as 
indicated by the slope of the portion 8 of the 
curve C. Thus, during the cycle following the 
time Ts the average furnace output per cycle is 
decreased by inversely changing the speeds of 
rotation of the induction disk in opposite direc 
tions in accordance with the Value of the ten 
perature responsive flux p20. As indicated on 
Fig. 6, the two cycles following the portion 8 of 
the curve C take place with the induction disk 
rotating at abnormal speeds determined by the 
temperature of the furnace, and are such as to 
gradually increase the average output per cycle 
of the furnace to its norma Value. The devia 
tion from average furnace output per cycle is 
proportional to the deviation of furnace temper. 
ature fron ornal. 

let it now be assumed that without changing 
the temperature setting of the furnace, the fur 
nace tenagerature is suddenly decreased at a tie 
T6 to a value peoW ha iowerinai, of the region 
marked “modulating envelope' on Eig. 6. Eilis 
means that the furnace ternperature i3S 2e. 
reduced to a value sufficiantly IoW to dinii is 
the magnitude of the flux j20 to less than thai of 
beg-bas. Referring now to curves E. aid of 
Fig. 6, it will be seen that, the furnace had just 
been turned off at the time Ts. At this time, 
therefore, the mercury SWitch. Was being rotated 
toward its "on' position under the influence' of 
the resultant gu: (b69-p26, due to the dinia:- 
tion of the retarding fux size the rotation cit the 
mercury button ic Ward is 'C' position pro 
ceeds at a greater speed because of the increased 
value of the resitat iux gigg-g:29. Tina ii 
creased rate of Speed is indicated by the siope of 
the portion 33 of the curve C of Fig. 6. When 
the mercury switch arrives at its "on' position 
tie furnace is turned on, as at a tine indi 
cated on curve B, and the reversing winding 6 
is connected to oppose tie fix of the widing 33. 
to Wever, because of the large dinition of 
frace teiperatire the IX beg-sp76 is si 
larger than the fit. g .20. The mercury button 
therefore continuses to rotate in the clockwise di. 
rection, until the pin 33 engages the stop 3, as 
indicated at 33 of cle C of Fig. 6. The nine. 
culty button Will now reisai against the stop 33 
until a tiae is at Waich the furnace tempera 
ture is increased to a point, where b20 is equal to 
gb63-f76. At this time the opposing fixes oper 
ating upon the induction disk 25 are exactly bal 
anced. Shortly after this time when the fur 

  

  



6 
nace temperature has further increased to a 
point where the flux pao is slightly larger than 
the flux peo-ps the mercury switch will begin 
to rotate in the clockwise direction at a gradu 
ally increasing rate in accordance with the grad 
ually increasing magnitude of the flux p20 in re 
sponse to increasing furnace temperature. As 
indicated by the slope of the portion 90 of the 
curve C of Fig. 6, however, the mercury button 
reaches its 'off' position at a time To before it 
attains its normal speed and before the ten 
perature has returned to normal. . At the time 
To therefore the furnace is turned off. Since the 
temperature and hence the flux p20 are still be 
low normal, the speed of the mercury button 
back toward its "on' position under the influence 
of the resultant flux beg-b2O is greater than nor 
mal, as indicated by the slope of the portion 9 
of the curve C. Similarly the slope of the por 
tion 92 of the curve C is slightly less than nor 
mal. The ratio of time on to time off during 
the cycle from To to T10 is thus slightly increased. 
Since the temperature of the furnace at the time 
To differs from its normal value by only the 
amount of its normal cyclic deviation, as shown 
by the curve A, the flux p20 and hence the Speed 
of the induction disk will be normal; and thus 
the portion 93 of the curve C will have approxi 
mately its normal slope. The system therefore 
now begins to cycle in its normal manner as in 
dicated during the three cycles following the 
time T0. 

If it is now assumed that at a time Tii the 
temperature of the furnace is suddenly increased 
by some external cause to a value sufficient to 
increase the flux b20 to a value greater than the 
flux peg, the mercury button will be rotated be 
yond it "off' position and into engagement with 
the fixed stop 50. By analogy to the regulating 
action described immediately above, it will be 
apparent that the average output per cycle of 
the furnace will be reduced in accordance with 
the magnitude of the deviation of furnace tem 
perature from its normal value, as reflected in 
the relative speeds of rotation of the induction 
disk in Opposite direction under the influence of 
the temperature responsive flux p20. 

Referring now to Fig. 7, we have shown a rep 
resentative number of examples of the manner 
in which our system operates when the normal 
temperature setting of the apparatus is changed 
With the ambient temperature and other condi 
tions of furnace operation remaining the same. 
Let it be assumed that the time To the apparatus 
is set to maintain the temperature of the furnace 
at 700 degrees F. and is cycling in the normal 
manner to maintain the temperature at this 
point with very slight fluctuations. As before, 
it will be assumed that the ratio of time on to 
time off during each cycle is 1 to 1 to maintain 
balanced conditions. If now at a time T1 the 
temperature setting of the apparatus is changed 
to maintain a normal temperature of, for ex 
ample, 500 degrees F. the conditions of furnace 
operation are indicated at Fig. 7. The change 
in the setting of the apparatus is effected by 
changing the position of the sliding contact of 
the voltage divider 7 to impress a greater volt 
age across the circuit including the coil 20 and 
the temperature sensitive resistor 75 in series. 
Since for operation of our System at the selected 
temperature, the normal value of the flux p20. 
must always be intermediate ps9-p76, the voltage 
impressed upon the temperature sensitive circuit 
by the voltage divider 7 f must be increased to, 
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such a point that when the resistance of the re 
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sistor 75 has increased to its value at 500 degrees 
F, the current flowing through the coil 20 will 
have approximately its normal value. Under the 
conditions assumed the value of the flux p20 
must return to aproximately ps9-1/2p76. The 
flux bao will not return to exactly the magnitude 
as will be explained hereinafter. The process by 
which the temperature of the furnace, and thus 
the resistance of the resistor 75, is changed to 
reestablish the normal value of the current 
through the coil 20 is indicated upon the curve 
A1, B1 and C1 of Fig. 7, which correspond to the 
curves A, B and C of Fig. 6. The heating and 
cooling curves D and E of the furnace have also 
been indicated on Fig. 7. At the time T the 
mercury switch has just arrived at its "off" po 
sition. Had the temperature setting not been 
changed the mercury switch would at this time 
begin to rotate in counter-clockwise direction 
under the influence of the resultant flux (p69-p20. 
However, due to the change in temperature Set 
ting, the value of the flux (b20 has been increased 
to a value greatly in excess of the flux ps9. 
Therefore, the mercury switch continues to ro 
tate in the clockwise direction until the pin 48 
engages the stop 50, thereby maintaining the 
furnace in its "off' position. As indicated by the 
portion OO of the curve C1, the mercury switch 
will remain against the stop 50 until a time T2 
when the furnace temperature comes just within 
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the new modulating envelope determined by the 
new temperature setting. At this time the flux 
gb20 will be just equal to the flux ps9 and the ro 
tatable disk 25 Will be balanced. Since the ner 
cury Switch is still against its "off' stop, however, 
the furnace remains off and the temperature 
continues to fall with a resulting continued de 
crease in the magnitude of the flux b20. As the 
flux p20 decreases below the value of the flux qbsg 
in response to the decrease in temperature of the 
furnace, the mecury button 32 rotates in a coun 
terclockwise direction toward its "on' position 
at a gradually increasing rate. As shown by the 
portion of of the curve C1, the mercury button 
reaches its "on' position before its speed comes 
up to normal. At a time T3 therefore the fur 
nace is turned on. Since the temperature at the 
time T3 has not yet reached its new normal value, 
however, the mercury button is moved in the op 
posite direction relatively quickly as shown at 
02 on the curve C1. The ratio of time on to 

time off per cycle is thus gradually brought back 
to a normal value over the course of a number 
of cycles until at a time T4, when the tempera 
ture has arrived at the new setting, the appara 
tus again begins to cycle in a regular manner. 
The normal cycle of the apparatus will now be 
Somewhat different, however, from the normal 
cycle with a temperature setting of 700 degrees 
because a smaller average furnace output per 
cycle is sufficient to maintain a temperature of 
500 degrees. It will be observed from Figs. 6 and 
7 that it has been assumed that the heating and 
cooling curves have approximately the same 
slope at a temperature of 700 degrees. Since the 
slope of these curves is different at 500 degrees, 
the furnace will heat up more quickly and will 
cool more slowly as indicated by the portions 02 
and 103 respectively of the curve A1 of Fig. 7. 
The difference in the heating and cooling rates 
at the new temperature setting will produce a 
difference in the normal speeds of rotation of 
the disk 25 in the clockwise and counter-clock 
wise directions. Therefore, is indicated at Fig. 7, 
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while the total cycle time will remain approxi 
mately the same, the average input per cycle, 
or the ratio of time on to time off, will be some 
what reduced in comparison to the normal cycle 
at 700 degrees. 

If now it is assumed that at a time Ts indi 
cated on Fig. 7, the temperature setting of the 
apparatus is changed to maintain a normal ten 
perature of, for example, 900 degrees F. the mer 
cury button will rotate in the counter-clockwise 
direction to maintain the furnace on continu 
ously until the new normal temperature is 
reached, and will thereupon reestablish normal 
cycling Operation under conditions determined 
by the relative slopes of the heating and cooling 
curves at 900 degrees F. . It is believed that this 

10 

operation will be understood by comparison with 
the operation of the furnace under reduced tem 
perature setting conditions explained in detail 
immediately above. It is desired to call atten 
tion to the fact that the normal cycle of the ap 
paratus at 900 degrees, as shown at and after 
the time Ts of Fig. 7, indicates that a greater 
average furnace output per cycle is required to 
maintain a temperature of 900 degrees than is 
required to maintain 500 or 700 degrees. This 
is indicated by the relative slopes of the heat 
ing and cooling portions of the curve A1 after the 
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time Ts, by the ratio of time off to time on of 
the curve B1 after this time, and by the relative 
Speeds of rotation of the disk 25 in the clockwise 
and counter-clockwise directions as indicated by 
the various slopes of the curve C1 after the 
time T6. 

It will be understood by those skilled in the 
art that curves of Figs. 6 and 7 have been mag 
nified in a disproportionate manner to illustrate 
more clearly the principle of operation of our 
invention. For example, the cycle time is shown 
relatively long in proportion to the shape of the 
heating and cooling curves. D and E. Under 
practical conditions the furnace temperature will 
not rise or fall as quickly as has been shown in re 
lation to the normal cycie time, so that more 
cycling Operations than have been illustrated will 
ordinarily take place during a return to normal 
temperature from a deviation of the magnitudes 
which have been shown by way of example, 
By actual test it has been found that, while 

the total cycle time varies slightly with the load, 
it remains substantially constart for all practical 
purposes. in an apparatus which we have buii; 
and tested for controlling an electric furnaea a 
total cycie time of approximately thirty seconds 
has been found suitable. However, it will be in 
derstood that the cycle time must be selected 
in accordance with the circumstances of each 
installation. For example, the thermal capacity 
of the heater, the insulation between the heated 
Space and the Surrounding space, and the time 
lag between energization of the heater and de 
iivery of heat to the space will all have an effect 
upon the cycle tie Selected, 

Referring now to Fig. 8, we have shown our 
invention in slightly different form applied to the 
control of an oil burner motor 05 of the type 
Commonly used in connection with domestic heat. 
ing Systems. . The induction relay 6 and the 
connected control circuit are similar to the cor 
responding parts of Fig. 5 and have been assigned 
like reference numerals. To illustrate a possible 
modification in the form of our invention, how 
ever, we have shown the coil 20 as wound in the 
same direction as the winding 69 and energized 

30 

40 

45 

5 

s 

s 

65 

from the secondary winding of the control trans- as 

7 
former 68 through an insulating transformer 06 
preferably having a 1 to 1 ratio. It will be un 
derstood by those skilled in the art that if the 
insulating transformer O6 is suitably designed 
the secondary voltage of the insulating trans 
former may be made to differ from the secondary 
voltage of the control transformer 68 by substan 
tially one hundred and eighty electrical degrees, . 
whereby the requisite phase difference between 
the current in the windings f and 20 may be 
obtained. In Fig. 8 we have also shown the 
motor 05 as controlled by a line contactor 6 
which is in turn controlled by a relay 8... Thus 
in Fig. 8 when the mercury switch 33 is in its 
"on' position the relay f is energized through 
the mercury switch from the secondary terminals 
of the control transformer 8, and closes its 
contacts 109 to energize the line contactor iO7 
from the secondary terminals of the control 
transformer 68. 
We have shown in Fig. 9 a control panel upon 

which is mounted an assembly of apparatus em 
bodying Our invention as shown in Figs. 5 and 8. 
The induction relay 6 is shown mounted at the 
top of the panel above the control transformer 
68, the variable resistor TT and the relay 08. 
Upon the door of the panel is mounted the volt 
age divider 7 which is provided with a manually 
operable handle to extending through the door 
to enable an operator to change the temperature 
Setting of the apparatus as -desired. A scale 
calibrated directly in temperature may be 
mounted upon the outside of the panel door for 
cooperation with a pointer attached to the shaft, 
of the voltage divider. For indicating purposes 
a milliammeter 5 may be mounted in an easily 
visible position upon the panel and connected 
in the circuit of the temperature sensitive ele 
ment as indicated at Fig. 8. Thus it may he 
seen that our invention may be embodied in a 
very simple and relatively small unitary appa 
ratus suitable for easy application to a large 
variety of condition changing neasis. V. 

Thuis far we have described our invention only 
as applied to 'oin-off' control systems to 2'educe. 
the magnitude of temperature fuctuations due 
to overheating and undercooling. It will be evi 
dent to those skilled in the art that a contigui 
Ously osciliating temperature control system St.cii 
as we have described has no differential betwee: 
its “off” and “on” positions, and for this reaso. 
overneating and undercooling is miriraizad. - 
AS pointed out at the beginning of this spec 

ification our invention may also be applied to 
Control systems of the floating type. Sixth 8.3: 
arrangement is diagrammatically illustrates at 
Fig. it, wherein we have shown the line coin 
tactor f07 of Fig. 8 provided with a set of nor 
maily open and a set of normally closed contacts 
52 and 2 respectively. The contactor OS 
may be connected for energization to a control 
circuit similar to that shown in Fig. 8. The cor 
tacts f2. and 2i are arranged to control the 
direction of rotation of a substantially constant 
Speed reversible notor 22 which may be any 
df a number of types well known to those skilled 
in the art. The motor 22 is shown connected 
through a worm and worm gear 23 and 24 re 
Spectively to rotate a threaded shaft 25 which 
threadedly engages a fixed bracket i 26. The 
threaded shaft 25 is connected to a foating 
operator shown as a valve seat 27 to control the 
flow of steam through a conduit 28 and thereby 
regulate the thermal input to a space being 
heated, ; 
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From the detailed description of our control 

system previously given with reference to Figs. 
5, 6 and 7, it will be understood that the ratio 
of the time that the contacts 20 are closed 
to the tine that the contacts 2 are closed 
will depend upon the relative speeds of rota 
tion of the induction disk 25 in opposite direc 
tions. The speeds of rotation of the disk de 
pend upon the magnitude of the deviation of 
the Space temperature from its desired value. 
Thus, under normal conditions, the contacts 
20 and 2 f will be closed for equal periods of 
time per cycle and the notor 22 will rotate 
in each direction for the same length of time. 
Since it is assumed that the motor 22 is a sub 
stantially constant speed motor, the valve 27 
will then oscillate equal distances on each side 
of a mean position. If now, as due to a load 
change upon the system, the temperature devi 
ates from its normal value, the time of rota 
tion of the motor 22 in one direction will be 
greater than its time of rotation in the other 
direction so that the mean position of the valve 
2 will progress in the desired direction to 

allow more or less steam to pass through the 
conduit 28. Since the relative values of the 
Speed of rotation of the induction disk 25 in 

O 
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opposite directions, and therefore the relation 
of time off to time on of the contactor OT, is 
proportional to the magnitude of the deviation 
of the temperature from its normal value, it 
will be apparent that the rate of progression 
of the mean position of the valve 27 will be 
proportional to the magnitude of the tempera. 
ture deviation from normal. As the space tem 
perature gradually returns to normal due to the 
greater average opening of the valve 2 the 
rate of progression of the mean position of the 
valve will fall to Zero, and the valve will take 
up a new nean position. When the valve has 
taken up its new mean position the space tem 
perature will of course have returned to its 
normal value, so that normal cycling of the ap 
paratus will now cause the valve to oscillate 
equal distances to each side of the new means 
position. It will be understood that a reduc 
tion of load upon the system, as due to an in 
creased outside temperature, will cause the mean 
position of the valve to progress in the opposite 
direction and cause to rest nearer to the fully 
closed position. It will now. be observed that 
in a system of this nature the mean position of 
the valve 22 has no fixed relation to the tem 
perature of the temperature sensitive element 
5. For this reason if the heat load upon the 

System is changed so that a different value of 
heat input is required through the conduit 28, 
the valve. 2 will always take up a new mean 
position in which the heat input through the 
conduit 28 is just sufficient to balance the heat 
losses and maintain the conditioned space at 
precisely the desired temperature. The valve 
Will always thereafter continue to oscillate equal. 
distances back and forth on either side of its 
new mean position. Since, therefore, there is 
no fixed relation between the mean position of 
the valve 2 and the temperature of the ele 
ment 75, a System of the type illustrated in Fig. 
0 does not possess the proportional character 

istic which produces the undesirable sub 
calibration well known to those skilled in the 
art. In connection with the system shown in 
Fig. 10 it is worth noting that whenever the 
temperature is at its normal value the rates of 

80 
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time on to time off will be 1:1 regardless of the 
load. On the system. 

It will now be clear that we have described 
a control system which may be readily applied 
to almost any common "on-off' type of condi 
tion changing arrangement with the result that 
the usual objectionably wide deviations of the 
condition from a normal value are eliminated. 
Furthermore, our simple and inexpensive con 
trol system may be applied to the usual float 
ing control arrangement with results superior 
to those obtainable from the usual modulated 
control Systems, such as floating control or pro 
portional control. Although we have illustrat 
ed our invention only as applied to the control 
of space heating systems, we wish to have it 
understood that in its broader aspects it may 
be applied to other condition control systems 
Such as, for example, cooling Systems, humidi 
fying Systems, fluid pressure systems, and the 
like. By way of illustration, in Fig. 10 the con 
duit 28 might be connected to a source of fluid 
pressure and to an enclosure, the pressure of 
which is to be maintained constant. 
While we have shown and described only cer 

tain preferred embodiments of our invention, 
many variations and modifications will un 
doubtedly occur to those skilled in the art. For 
example, Our Oscillating induction relay depends 
for its operation upon the relative magnitude 
of two opposing torques, one of which is varia 
ble in accordance with the value of a condition. 
Each of the torques in turn has a magnitude 
dependent upon both the magnitude and phase 
relation of a certain flux to a constant exciting 
flux. In all embodiments of our invention which 
have been illustrated and described the vari 
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able torque has been controlled by changing the 
magnitude of the flux combining with the excit 
ing flux to produce the torque. It will, of course, 
be understood by those versed in the art that, 
if desired, this variable torque could be con 
trolled by maintaining constant the magnitude 
of all fluxes and varying the phase relation of 
One flux and the exciting flux in accordance with 
the value of the condition being controlled. It 
will therefore be understood that we intend in 
the appended claims to cover all such modifi 
cations as fall within the true spirit and scope 
of Our invention, 
What we claim as new and desire to secure by 

Letters Patent of the United States, is: 
i. In a system for controlling a condition, 

movable, control means having a condition in 
creasing position and a condition decreasing posi 
tion, means for cyclicly moving said control 
means between said positions, and means respon 
sive to said condition for controlling the speed 
of movement of said control means between said 
positions while maintaining the total cycle time 
Substantially constant. 

2. In a System for controlling a condition, mov 
able control means having a condition increasing 
position and a condition decreasing position, 
means for cyclicly moving said control means 
between said positions, and means responsive to 
said condition for varying inversely the speeds of 
Said control means in opposite directions. 

3. In a condition control system, condition 
changing means, means for controlling said con 
dition changing means to maintain a normal 
value of said condition comprising a rotatable 
element having a condition increasing position 
and a condition decreasing position, oscillating 
means for continuously moving said element be 
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tween said positions, condition responsive means, 
and means under the control of said condition 
responsive means to vary inversely the Speeds of 
rotation of said rotatable element in opposite 
directions in proportion to the magnitude of 
deviation of said condition from Said normal 
Value. 

4. In a condition control system, condition 
changing means, means for cyclicly energizing 
and deemergizing said condition changing means 
comprising a rotatable element having spaced on 
and off positions, automatic reversing means op 
eratively associated with said rotatable element 
for causing it to oscillate continuously between 
said positions and thereby maintain a prede 
termined normal average output per cycle of said 
condition changing means, said normal average 
output per cycle being sufficient to maintain said 
condition at a predetermined normal value, and 
condition responsive means arranged to pro- ; 
duce an inverse variation in the speeds of said 
rotatable member in opposite directions propor 
tional to the magnitude of deviation of said con 
dition from said normal value, whereby the aver 
age output per cycle of said condition changing 
means is regulated in accordance with said mag 
nitude of deviation. 

5. In a system for regulating the temperature 
of an enclosure, heating means for supplying 
heat to said enclosure, induction means for con 
trolling said heating means comprising a mov 
able element having spaced heat increasing and 
heat decreasing positions, oscillating means for 
continuously moving said element between said 
positions, said oscillating means including auto 
matic reversing means adapted to be energized 
when said element takes up one of said positions 
and to be deenergized when said element takes 
up the other of said positions, and means re 
sponsive to the temperature of said enclosure 
arranged to control the relative rates of speed 
of Said movable element in opposite directions. 

6. In a System for regulating the temperature 
of an enclosure, heating means for supplying 
heat to said enciosure, a floating operator for 
iregulating the input of heat to said enclosure, 
reversible motor means operatively associated 
with said floating operator, an induction relay 
for controlling said reversible motor means com 
prising a rotatable element having spaced heat 
increasing and heat decreasing positions, oscil 
lating means for continuously rotating said ele 
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ment between said positions, said oscillating , 
means including automatic reversing means 
adapted to be energized when said element takes 
up One of Said positions and to be deemergized 
when Said element takes up the other of said 
positions, and means responsive to the tempera 
ture of said enclosure arranged to control the 
relative rates of speed of said rotatable element 
in opposite directions. 

7. In a System for regulating the temperature 
of an enclosure, heating means for supplying 
heat to said enclosure, operating means arranged 
to vary Substantially instantaneously, the output 
of Said heating means between two predeter 
mined fixed limits, and induction relay for con 
trolling said operating means comprising a ro 
tatable element having spaced heat increasing 
and heat decreasing positions, oscillating means 
for continuously rotating said element between 
said positions, said oscillating means including 
automatic reversing, means adapted to be ener 
gized when Said, element takes up one of said 
positions and to be deemergized when said ele 
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9 
ment takes up the other of said positions, and 
means responsive to the temperature of said en 
closure arranged to control the relative rates of 
speed of said rotatable element in opposite direc 
tions. 8. In a system for controlling the temperature 
of an enclosure, heating means for supplying 
heat to said enclosure, an induction relay COm 
prising a rotatable induction disk having spaced 
heat increasing and heat decreasing positions for 
controlling said heating means to maintain said 
temperature at a predetermined normal value, 
means for producing continuous oscillation of 
said element between said positions cyclicly to 
increase and decrease the output of said heating 
means and thereby maintain a predetermined 
normal average output per cycle of said heating 
means, said oscillating means comprising self 
reversing means controlled by the position of 
said rotatable element, and means responsive to 
the temperature of said enclosure arranged 
to vary inversely the speeds of rotation of 
said rotatable element in opposite directions in 
proportion to the magnitude of deviation of said 
temperature from a normal value. 

9. In a System for maintaining the temperature 
of a furnace substantially constant at a predeter 
mined normal value, heating means for said fur 
nace, relay means for controlling said heating 
means comprising a rotatable induction disk 
having spaced heat increasing and heat decreas 
ing positions, means for applying to said disk a 
torque tending to rotate the disk toward one of 
Said positions, automatic means under the con 
trol of said relay means for cyclicly changing the 
value of said torque between predetermined fixed 
limits, means for applying to said disk an oppo 
sitely directed torque having a normal value 
intermediate said predetermined fixed limits, and 
means responsive to the temperature of said fur 
naice for varying the magnitude of said oppo 
sitely directed torque in proportion to said tem 
perature, whereby the speeds of rotation of said 
disk in opposite directions are varied inversely 
in proportion to the deviation of said tempera 
ture from said normal value. 

10. In a system for maintaining the tempera 
ture of a furnace substantially constant at a pre 
determined normal value, heating means for said 
furnace, operating means for varying substantial 
ly instantaneously the output of said furnace be 
tween two predetermined fixed limits, relay means 
for controlling said operating means comprising a 
rotatable induction disk having spaced heat in 
creasing and heat decreasing positions, means 
for applying to said disk a torque tending to ro 
tate it toward said heat increasing position, au 
tomatic means inder the control of said relay 
means for cyclicly changing the value of said 
torque between second predetermined fixed lim 
its, means for applying to said disk an oppositely 
directed torque having a normal value interme 
diate said second fixed limits, and means re 
Sponsive to the temperature of said furnace for 
varying the magnitude of said oppositely directed 
torque in proportion to said temperature, where 
bv the speeds of rotation of said disk in opposite 
directions are varied inversely in proportion to 
the deviation of said temperature from said nor 
mal value. 

11. In a system for maintaining the tempera 
ture of a space substantially constant at a pre 
determined normal value, heating means for said 
Space, a floating operator for controlling the flow 
of heat to said space, constant speed reversible 
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motor means operatively connected to said float 
ing operator, means for controlling said motor 
means comprising an induction relay provided 
with a rotatable disk having spaced on and off 
positions, means for applying to said disk a 
torque tending to rotate the disk toward said on 
position, automatic means under the control of 
said relay for cyclicly changing the value of said 
torque between predetermined fixed limits, means 
for applying to said disk an oppositely directed 
torque having a normal value intermediate said 
fixed limits, and means responsive to the tem 
perature of said space for varying the magnitude 
of said oppositely directed torque in proportion 
to said temperature, whereby the speeds of rota 
tion of said disk in opposite directions are varied 
inversely in proportion to the deviation of said 
temperature from said normal value. 

12. In a system for controlling a condition, 
movable control means having a condition in 
creasing position and a condition decreasing po 
sition, means for applying to said control means 
two normally unequal opposing forces, means 
Operatively associated with said control means 
cyclicly to cause alternate predominance of said 
forces, and means responsive to said condition 
to control the magnitude of one of said forces. 

13. In a system for controlling a condition, 
movable control means having a condition in 
creasing position and a condition decreasing po 
sition, means for applying to said control means 
two normally unequal opposing forces tending to 
move said means in opposite directions, means 
operated by said control means cyclicly to vary 
the magnitude of one of said forces for causing 
said control means normally to oscillate between 
said positions, and means responsive to said con 
dition for controlling the magnitude of the other 
of Said opposing forces. 

14. In a system for maintaining a condition 
substantially constant at a predetermined nor 
mal value, condition changing means, control 
means for said condition changing means com 
prising a rotatable induction element having con 
dition increasing and condition decreasing posi 
tions, electromagnetic means for applying to said 
element two normally unequal opposing torques 
tending to rotate said element in opposite direc 
tions, automatic reversing means operated by 
said element cyclicly to vary the magnitude of 
One of Said torques between two predetermined 
fixed limits for causing alternate predominance 
of Said forces, condition responsive means, and 
electro-magnetic means controlled by said con 
dition responsive means for varying the magni 
tude of the other of said forces in proportion to . 
the value of said condition. 

15. In a condition control system, condition 
- changing means, an induction relay for control 
ling the output of said condition changing means 
comprising a movable element having spaced 
condition increasing and condition decreasing 
positions, an exciting winding for said induction 
relay, means for supplying a constant exciting 
current to said exciting winding, a first energiz 
ing winding for said induction relay, means for 
supplying a constant energizing current to said 
first energizing winding to apply to said movable 
element a torque tending to move said element 
toward one of said positions, a second energizing 
winding for said relay, means for energizing said 
second energizing winding to apply to said ro 
tatable element an oppositely directed torque, a 
reversing winding for said induction relay ar 
ranged to oppose the effect of said first energiz 
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ing winding, means controlled by said movable 
element for cyclicly energizing and disabling said 
reversing winding to cause alternate predomi 
nance of said torques, and condition responsive 
means for controlling the energization of Said 
second energizing winding. 

16. In a system for controlling the tempera 
ture of an enclosure, temperature changing 
means, an induction relay for controlling the out 
put of said termperature changing means Com 
prising a rotatable element having spaced tem 
perature increasing and temperature decreasing 
positions, an exciting winding for said induction 
relay, means for constantly energizing said excit 
ing winding to set up an exciting flux in said 
relay, a first energizing winding for said relay, 
means for constantly energizing said first ener 
gizing winding to set up a flux differing in phase 
from said exciting flux by substantially ninety 
electrical degrees in One sense, a second energiz 
ing winding for said relay, means for energizing 
said second energizing winding to set up a flux 
differing in phase from said exciting flux by sub 
stantially ninety degrees in an opposite sense, 
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automatic reversing means for said movable ele 
ment comprising a reversing winding the ener 
gization of which is controlled by said movable 
element cyclicly to set up a flux opposing the flux 
of Said first energizing winding, and means re 
sponsive to the temperature of said space for con 
trolling the energization of said second energiz 
ing Winding. 

17. In a system for controlling the temperature 
of an enclosure, temperature changing means, an 
induction relay for controlling the output of Said 
temperatute changing means comprising a ro 
tatable element having spaced temperature in 
creasing and temperature decreasing positions, a 
highly inductive exciting winding for said in 
duction relay, a source of voltage for energizing 
said exciting winding to set up an exciting flux 
in said relay, a first relatively non-inductive 
energizing winding for said relay, a relatively 
non-inductive circuit for energizing said first 
energizing winding from said source of voltage to 
set up a flux which leads said exciting flux by 
substantially ninety electrical degrees, a second 
relatively non-inductive energizing winding for 
Said relay, means for energizing said second 
energizing wiriding from said source of voltage 
to set up a flux which lags said exciting flux by 
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Substantially ninety electrical degrees, a non 
inductive reversing winding for said relay, means 
controlled by said movable element for cyclicly 
energizing said reversing winding to set up a flux 
opposing the flux of said first energizing winding, 
and variable impedance means responsive to the 
temperature of said enclosure for controlling the 
energization of Said second energizing winding. 

18. In a system for controlling the tempera 
ture of an enclosure, temperature changing 
means, an induction relay for controlling the out 
put of Said temperature changing means com 
prising a rotatable element operatively connected 
to a contact mechanism having spaced on and 
off positions, a highly inductive exciting wind 
ing for said induction relay, a source of voltage 
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for energizing said exciting winding to set up an 
exciting flux in said relay, a first relatively non 
inductive energizing winding for said relay, a 
relatively non-inductive circuit for energizing 
said first energizing winding from said source of 
voltage to set up a flux which leads said excit 
ing flux by substantially ninety electrical degrees, 
a. Second relatively non-inductive energizing 
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winding for said relay, said second energizing 
winding being reversely wound with respect to 
said first energizing winding, means comprising 
an adjustable voltage divider for energizing said 
second energizing winding fron said source of 
voltage to set up a flux which lags said exciting 
flux by substantially ninety electrical degrees, a 
non-inductive reversing winding for said relay, 
means controlled by said contact mechanism for 
cyclicly energizing said reversing winding to set 
up a flux opposing Said leading flux for causing 
alternate predominance of said leading and lag 
ging fluxes, and variable means responsive to the 
temperature of said enclosure connected in cir 
cuit with Said Second energizing Winding. 

19. In a system for maintaining the tempera 
ture of an enclosure substantially constant at a 
predetermined normal value, temperature chang 
ing means, an induction relay for controlling the 
output of said temperature changing means Com 
prising a rotatable element operatively connected 
to contact means having spaced on and off posi 
tions, a highly inductive exciting winding for said 
induction relay, a source of control voltage for 
energizing said exciting winding to set up an ex 
citing flux in said relay, a first relatively non 
inductive energizing winding for said relay, a 
relatively non-inductive circuit for energizing 
Said first energizing winding from said source of 
control voltage to set up a flux which leads said 
exciting flux by substantially ninety electrical 
degrees, a Second relatively non-inductive ener 
gizing winding for said relay, means comprising 
an insulating transformer and an adjustable 
voltage divider for exciting said second energiz 
ing winding from said source of control voltage 
to set up a flux which lags said exciting flux by 
substantially ninety electrical degrees, a relatively 
non-inductive reversing winding for said relay 
connected in Series circuit with said contact 
means cyclicly to set up a flux opposing the flux 
of Said first exciting winding whereby said rotat 
able element normally oscillates continuously be 
tween said on and off positions, and a resistor 
having a negative temperature coefficient of re 
sistance positioned in said enclosure and con 
nected in Series with said second energizing wind 
ing, whereby the speeds of rotation of said ele 
ment in opposite directions is varied inversely in 
proportion to the deviation of said temperature 
from said normal value to control the average 
output per cycle of said temperature changing 
eas. - 

20. In a system for controlling the tempera 
ture of an enclosure, heating means for supply 
ing heat to said enclosure, operating means for 
varying substantially instantaneously the output 
of said heating means between predetermined 
fixed limits, an induction relay for controlling 
said operating means comprising a rotatable ele 
ment operatively connected to a contact mecha 
nism having spaced on and off positions, a highly 
inductive exciting winding for said induction re 
lay, a source of voltage for energizing said excit 
ing winding to set up a constant exciting flux in 
said relay, a first relatively non-inductive ener 
gizing winding for said relay, a relatively non 
inductive circuit for energizing said first ener 
gizing winding from said source of voltage to set 
up a flux which leads said exciting flux substan 
tially ninety electrical degrees, a second relatively 
non-inductive energizing winding for said relay, 
means for energizing said second energizing wind 
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ing from Said Source of voltage to set up a flux 
which lags said exciting flux by Substantially 
ninety electrical degrees, a relatively non-induc 
tive reversing winding for Said relay, means Con 
trolled by contact mechanism for cyclicly ener 
gizing said reversing winding to set up a flux op 
posing said leading fux to cause alternate pre 
dominance of said leading and lagging fiuxes, and 
variable resistance means responsive to the tem 
perature of said enclosure for controlling the 
energization of Said Second energizing winding. 

21. In a system for controlling the tempera 
ture of an enclosure, heating means for supply 
ing heat to said enclosure, a floating operator for 
regulating the input of heat to said enclosure, 
constant speed reversible motor means opera 
tively connected to said floating operator, an in 
duction relay for controlling said motor means 
comprising a rotatable element operatively con 
nected to a contact mechanism having spaced on 
and off positions, a highly inductive exciting 
winding for said induction relay, a source of 
voltage for energizing said exciting winding to 
Set up a constant exciting flux in said relay, a 
first relatively non-inductive energizing winding 
for said relay, a relatively non-inductive circuit 
for energizing Said first energizing winding from 
said Source of voltage to set up a flux which 
leads said exciting flux by substantially ninety 
electrical degrees, a Second relatively non-induc 
tive energizing Winding for said relay, means for 
energizing said second energizing winding from 
Said Source of voltage to set up a fiux which lags 
Said exciting flux by Substantially ninety electri 
cal degrees, a relatively non-inductive reversing 
winding for said relay, means controlled by said 
contact mechanism for cyclicly energizing said 
reversing Winding to set up a flux Opposing said 
leading flux for causing alternate predominance 
of Said leading and lagging fluxes, and variable 
resistance means responsive to the temperature 
of Said enclosure for controlling the energization 
of Said Second energizing winding. 

22. The method of maintaining substantially 
constant a condition comprising continuously os 
cillating a control member between spaced con 
dition increasing and condition decreasing po 
sitions, maintaining constant the speed of move 
ment of said control member in each direction 
while said condition remains unchanged, and 
varying inversely the speeds of movement of Said 
control member in opposite directions whenever 
Said condition departs from its normal value. 

23. The method of maintaining substantially 
constant the value of a condition comprising Con 
tinuously. OScillating a control member between 
condition increasing and condition decreasing 
positions, maintaining substantially constant the 
speed of movement of said control member in 
each direction while said condition remains un 
changed, increasing the speed of movement of 
said 'control member toward said condition in 
creasing position and decreasing its speed of 
movement toward said condition decreasing po 
sition whenever said condition rises above its 
normal value, and increasing the Speed of move 
rinent of said control member toward Said condi 
tion decreasing position and decreasing its speed 
of movement toward said condition increasing 
position whenever the value of said condition 
falls below said normal value. 
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